Cognition and emotion are intricately intertwined, because individuals orient toward, perceive, and interpret external stimuli in the context of their motivational and behavioral significance. Information associated with danger, for example, may be especially likely to capture or engage attention. Behavioral studies have confirmed that people are slower to shift attention away from words with emotional significance (e.g., Stormark, Nordby, & Hugdahl, 1995) , supporting the notion that emotional factors may have an important influence on the deployment and operation of attention. How emotional factors modulate activity in brain regions involved in attention is thus an important question. To address this issue, in the present investigation, we examined the impact of emotional salience on activity in neural systems of attention by examining the influence of emotional and nonemotional distractors on brain activation.
some functions or neural systems, other systems may be less easily classified as cognitive or emotional, because they subserve functions that are crucial to both cognition and emotion (e.g., Gray, Braver, & Raichle, 2002; Simpson, Drevets, Snyder, Gusnard, & Raichle, 2001) . Thus, an alternative to the cognition-emotion reciprocity position is that tasks typically classified as cognitive and emotional may at times rely on common, overlapping neural systems, due to their common, overlapping computational and behavioral functions. Precisely because of the overlap in cognitive and emotional functions implemented by many brain regions, we have argued that patterns of brain activity associated with changes in emotional state provide a powerful tool for understanding the cognitive characteristics of emotional disorders (e.g., Miller, 1996; Nitschke, Heller, & Miller, 2000) .
One way to evaluate the extent of neural overlap between cognitive and emotional functions is to examine how emotion modulates activity in brain regions known to participate in certain cognitive functions (for a similar approach, see Lane, Chua, & Dolan, 1999; Simpson et al., 2000) . In the present study, we investigated whether selective attention in the presence of distracting emotional information involves the same neural systems as those identified in studies of selective attention that were not designed to engage emotional processes. As a measure of selective attention, we employed the color-word Stroop task, often considered the "gold standard" of selective attention tasks (MacLeod, 1992) . In this task, the individual identifies the ink color of a word while ignoring the word's meaning. Selective attention is required because word reading is relatively automatic, as compared with identifying ink colors, making word meaning difficult to ignore (see MacLeod, 1991 MacLeod, , 1992 . Selection demands are especially great on incongruent trials, in which the word names a color that conflicts with the ink in which it is printed (e.g., the word blue in red ink), as compared with neutral trials, in which the word is not related to color (e.g., the word late in red ink).
Researchers have recently developed an emotional variant of the Stroop task in order to examine selective attention in the presence of emotional distractors (Dalgleish & Watts, 1990; Williams, Mathews, & MacLeod, 1996) . The emotional Stroop task is similar to the colorword Stroop task, in that the primary task is to identify the ink color of a word as quickly as possible while ignoring the word's meaning. Thus, for both emotional and color-word Stroop tasks, the task-relevant attribute of the stimulus is the ink color. However, in the emotional Stroop task, the meaning of the distractor word is either neutral or emotional, whereas in the standard Stroop task, the meaning of the distractor word is color related. Although the emotional Stroop task is not completely Stroop-like, because it presents no direct conflict between the relevant and the irrelevant stimulus dimensions, the term emotional Stroop has been widely used in the behavioral literature because of the surface similarities between these color-naming tasks. Indeed, research has demonstrated that individuals are slower to identify the ink color of emotionally significant words, presumably because the word meaning diverts attention from the primary color-naming task (Williams et al., 1996) . Although most often used as a measure of attentional bias toward threat in clinically anxious individuals (e.g., Mathews & MacLeod, 1985; Mogg, Mathews, & Weinman, 1989) , the emotional Stroop effect (i.e., the slowing of responses when words are emotional) has been demonstrated in nonclinicalgroups as well (e.g., McKenna & Sharma, 1995) .
To the degree that both the emotional Stroop and the color-word Stroop depend on similar attentional mechanisms, similar brain regions should be active in both tasks. In particular, both tasks involve selectively attending to color information while suppressing responses to distracting word information. In contrast, to the degree that the two tasks involve unique task demands, we would expect different regions to be involved.
Models of Attentional Networks Involved in the Color-Word Stroop
Research on the color-word Stroop task provides a heuristic for examining the contributions of emotional and nonemotional information to attentional regulation. Although it is typically thought that most attentional modulation of brain activation occurs to information that is task relevant, recent research indicates that attentional demand also modulates activity of brain regions responsible for processing task-irrelevant information (Banich, Milham, Atchley, Cohen, Webb, Wszalek, Kramer, Liang, Wright, et al., 2000; Banich et al., 2001 ). Because of the brain's sensitivity to task-irrelevant information, the emotional Stroop paradigm-in which task-irrelevant emotional information is manipulated-provides a means for examining how emotional information can influence or modulate brain regions involved in attentional control.
Numerous brain-imaging studies have identified a network of brain structures, including regions of the DLPFC, the ACC, and the parietal cortex, whose activity is increased in incongruent color-word conditions, as compared with neutral word conditions, of the Stroop task (e.g., Banich, Milham, Atchley, Cohen, Webb, Wszalek, Kramer, Liang, Barad, et al., 2000; Banich, Milham, Atchley, Cohen, Webb, Wszalek, Kramer, Liang, Wright, et al., 2000; Banich et al., 2001; Bench et al., 1993; Carter, Mintun, & Cohen, 1995; Milham et al., 2001; Milham et al., 2002; Pardo, Pardo, Janer, & Raichle, 1990; Petersen et al., 1999) . In a series of experiments, Banich, Milham, Atchley, Cohen, Webb, Wszalek, Kramer, Liang, Wright, et al. (2000; Banich, Milham, Atchley, Cohen, Webb, Wszalek, Kramer, Liang, Barad, et al., 2000; Banich et al., 2001; Milham et al., 2001; Milham et al., 2002) have demonstrated that some brain regions are more responsive to the task-relevant dimension of the stimulus (the information that the individual is supposed to focus on, such as the ink color in the standard Stroop task), whereas other brain regions show modulation as a function of the task-irrelevant dimensions of the stimulus (i.e., aspects of the stimulus that the individual is supposed to ignore, such as the word information in the standard Stroop task). Specifically, Banich, Milham, Atchley, Cohen, Webb, Wszalek, Kramer, Liang, Wright, et al. (2000 Milham et al., 2002) have found that activity in the DLPFC (in the inferior and middle frontal gyrus; BAs 9, 44, and 46) is associated with the need to maintain an attentional set that selects task-relevant information in the face of more salient distracting information. Research by other investigators has also demonstrated the importance of the DLPFC in filtering task-relevant from irrelevant attributes (e.g., Shimamura, 2000; Thompson-Schill, D'Esposito, Aguirre, & Farah, 1997) .
In contrast, activity in posterior regions is modulated by the nature of task-irrelevant dimensions of the stimulus (Banich, Milham, Atchley, Cohen, Webb, Wszalek, Kramer, Liang, Wright, et al., 2000; Banich et al., 2001; Milham et al., 2002) . For example, one study (Banich, Milham, Atchley, Cohen, Webb, Wszalek, Kramer, Liang, Wright, et al., 2000 , Experiment 2) kept the task-relevant attribute constant, asking participants to identify an ink color, while manipulating whether the task-irrelevant attribute was a word or a line drawing of an object. On incongruent trials, the task-irrelevant attribute conflicted with the ink color (e.g., the word blue in red or a drawing of a red frog), whereas on neutral trials it did not (e.g., the word lot in red or a drawing of a red car). Posterior activation differed for these two conditions, with brain regions involved in processing words exhibiting greater activity for the color-word task and brain regions involved in object processing exhibiting greater activity for the color-object task.
This model of the neural mechanisms involved in attentional control predicts that activity produced by the emotional Stroop should be similar to that produced by the color-word Stroop in prefrontal regions, but not in posterior regions, of the brain. Attentionally demanding emotion words and incongruent color words should increase activity in similar DLPFC regions, because both involve the need to maintain a selective focus on the ink color (the task-relevant dimension) in the presence of salient distractors. In contrast, the emotional Stroop task should not modulate activity in posterior brain regions in the same way as the color-word Stroop task, since the two tasks differ from one another in the nature of the taskirrelevant stimulus dimension. That is, the task-irrelevant information in the emotional Stroop-specifically, the emotional meaning-is not related to the color identification task in the same way as is incongruent color information. Thus, the same set of posterior regions should not be engaged for the emotional and the color-word Stroop.
Although prior research indicated that parietal lobe activity for the color-word Stroop is more strongly modulated within the left than within the right hemisphere (Banich, Milham, Atchley, Cohen, Webb, Wszalek, Kramer, Liang, Wright, et al., 2000; Banich et al., 2001) , we predicted that the posterior right hemisphere should become more active in the presence of emotion words. This prediction was based on the hypothesis that this region, also known to play a role in vigilance, monitoring, and spatial attention, embodies an emotional surveillance system that becomes engaged in the presence of emotionally salient information (Bear, 1983; Nitschke et al., 2000) . In a divided visual field study of the emotional Stroop effect, we found that emotional words reduced a left-hemisphere advantage in color naming, suggesting increased right-hemisphere activity (Compton, Heller, Banich, Palmieri, & Miller, 2000) . These results concur with other behavioral laterality studies that have indicated that the right hemisphere becomes more active in response to emotional conditions, particularly in response to threat (e.g., Asbjornsen, Hugdahl, & Bryden, 1992; Gruzelier & Phelan, 1991; Van Strien & Heijt, 1995; Van Strien & Morpurgo, 1992) . The divided visual field technique, in which participants respond to words flashed briefly to either the left or the right visual field, can determine only relative activity of the right versus the left hemisphere, however. The present neuroimaging study can thus better localize which posterior righthemisphere regions appear to be especially involved in responding to emotional information in this attentional paradigm.
Previous Neuroimaging Studies of the Emotional Stroop Task
Although several prior neuroimaging studies have provided intriguing clues regarding the neural systems involved in the emotional Stroop, the existing studies have tended to focus on a small set of brain regions and have produced conflicting results. Isenberg et al. (1999) reported bilateral amygdala activation in an f MRI study of the emotional Stroop task in which threatening words were used. However, the study focused primarily on this a priori region of interest and did not examine the entire range of brain structures potentially involved in attentional control in this task. Furthermore, Isenberg et al. did not include a color-word Stroop task for comparison, so it is difficult to assess the extent to which similar attentional networks would be involved in an emotional Stroop task and a color-word Stroop task. In an f MRI study, Whalen et al. (1998) found that performing an emotional Stroop task engaged a ventral subregion of the ACC, whereas a nonemotional counting Stroop task activated a more dorsal region of the ACC, supporting the proposal that the ACC is composed of subregions that are differentially involved in cognitive versus emotional tasks (Bush, Luu, & Posner, 2000; Devinsky, Morrell, & Vogt, 1995; Drevets & Raichle, 1998) . In contrast to Whalen et al.'s findings, prior PET studies showed that an emotional Stroop task activated the same left-midcingulate region as a color-word Stroop task, although to a lesser extent (George et al., 1994) , or that an emotional Stroop task did not produce any ACC activation (George et al., 1997) . Methodological differences (e.g., in practice and response-related variables) may account for these inconsistent findings. In any case, further investigation of the brain regions involved in the emotional Stroop task is warranted.
Role of Emotional Valence and Arousal in the Emotional Stroop Task
Psychophysiological data and theory indicate that the valence and arousal dimensions of emotion may be associated with different neural systems. Valence indexes the positive versus the negative meaning of a stimulus, whereas arousal level, conceptually orthogonal to the valence dimension, indexes emotional intensity (for reviews, see Larsen & Diener, 1992; Russell, 1978 Russell, , 1980 Watson, Wiese, Vaidya, & Tellegen, 1999) . Valence and arousal dimensions are associated with different physiological correlates in the peripheral nervous system, such as skin conductance, heart rate, and facial muscle activity (e.g., Lang, Bradley, & Cuthbert, 1990; Lang, Greenwald, Bradley, & Hamm, 1993) , and neuropsychological theories of emotional experience have also distinguished between valence and arousal (e.g., Heller, 1993; Heller, Nitschke, & Lindsay, 1997; Nitschke, Heller, Palmieri, & Miller, 1999) .
Some behavioral studies of the emotional Stroop effect have found that interference is more reliably obtained with negative than with positive emotion words (e.g., McKenna & Sharma, 1995) . From an adaptive point of view, it may be especially crucial for signals of danger to capture attention. Signals of sadness, calmness, or pleasure may not have the same immediate survival relevance that would warrant a redirection of attention. However, because prior behavioral studies have typically confounded valence and arousal-for example, by comparing high-arousal negative words (e.g., danger) with low-arousal positive words (e.g., peace)-more systematic research is needed to determine the roles of stimulus valence and arousal level in the emotional Stroop effect.
Existing neuroimaging studies of the emotional Stroop effect have employed only negatively valenced words and have not separately examined the influence of arousal level (George et al., 1994; George et al., 1997; Isenberg et al., 1999; Whalen et al., 1998) . To examine the neural concomitants of these dimensions of emotion more systematically, in the present investigation, the valence and arousal of emotional Stroop stimuli were independently manipulated. We predicted that highly arousing negative emotional words would be most likely to capture attention, resulting in greater behavioral Stroop interference effects and greater activity in the brain networks implicated in selective attention.
Summary of the Goals of the Present Study
In summary, the goal of the present investigation was to examine the neural systems involved in selective attention when distractors were emotional versus nonemotional words. On the basis of the attentional network engaged by the color-word Stroop task (Banich, Milham, Atchley, Cohen, Webb, Wszalek, Kramer, Liang, Barad, et al., 2000; Banich, Milham, Atchley, Cohen, Webb, Wszalek, Kramer, Liang, Wright, et al., 2000; Banich et al., 2001; Milham et al., 2002) , our first hypothesis was that overlapping DLPFC regions should be involved in response to the demands to maintain attentional set and to select appropriate task-relevant information, whether or not the salient distractor stimuli are emotional. Our second hypothesis was that emotionally significant distractors should modulate activity in posterior neural regions different from those involved in the color-word Stroop-specifically, engendering more right-hemisphere involvement. In addition, we examined the influence of emotional valence and arousal level on activity in these regions, predicting that, as compared with other types of emotional words, high-arousal negative words would elicit greater activity in the networks involved in maintaining attentional control.
METHOD Participants
The participants were 12 (8 male and 4 female) paid volunteers who were recruited from the university community with flyers and e-mails advertising the opportunity to participate in brain-imaging studies. All the participants were right-handed native English speakers who self-reported normal color vision and had no selfreported history of head injury or neurological disorder. Mean age was 25.2 years (range, 20-31).
Experimental Design
For all the trials, the task was to indicate the color in which a word was presented as quickly as possible while ignoring the word's meaning. Stimulus presentation and collection of response times (RTs) were controlled by MEL V2.0 software. Words were printed in red, yellow, green, or blue, with each color occurring equally often with each word type (see below for word types). Words subtended a visual angle of approximately 7 º-14º horizontally, depending on word length. Responses were made by using the first two fingers of each hand on a four-button response pad held above the solar plexus. Each trial lasted 2,000 msec, consisting of a 300-msec fixation point followed by a 1,700-msec word presentation, which was immediately followed by the next trial.
Each participant completed three runs lasting approximately 9 min each. The runs differed from one another only in the types of words presented. One run consisted of alternating epochs of neutral and negative emotion words (NEG run); another consisted of alternating epochs of neutral and positive emotion words (POS run); and the third consisted of alternating epochs of neutral and color words (COL run). The order of runs was counterbalanced across participants.
Prior behavioral studies have demonstrated that emotional words become harder to ignore when they are grouped together into blocks, rather than when they are intermixed with neutral word trials (Holle, Neely, & Heimberg, 1997 ; see also Compton et al., 2000; Dalgleish, 1995) . Furthermore, real-world emotional information is more likely to occur in a sustained fashion over several minutes, rather than alternating rapidly with information of a different emotional tenor. In addition, multiple pilot studies in our laboratory indicated the presence of an interference effect only for blocked paradigms, and not for event-related designs. A blocked design was therefore selected as most appropriate for examining attentional interference induced by emotional words. In each consecutive set of four epochs, the first and third epochs (A and C) were composed of neutral word lists, and the second and fourth epochs (B and D) were composed of target word lists. In total, each run consisted of four cycles through this four-epoch sequence (ABCDABCDABCDABCD;see Figure 1 ). For the NEG run, one target word list included negative high-arousal words, such as panic, and the other target word list included negative low-arousal words, such as sad. For the POS run, one target word list included positive high-arousal words, such as excite, and the other included positive low-arousal words, such as peace. The order of target word lists within each run was counterbalanced across participants, so that, for example, within the NEG run, the negative high-arousal word list preceded the negative lowarousal word list for some participants, whereas for other participants the order was reversed. For each run, two different neutral word lists were used for the A and C epochs of the sequence, so that neutral words were not repeated any more often than target words.
For the COL run, the two target word lists were constructed to mimic the intensity manipulation present in the high-and lowarousal lists for the NEG and POS runs. This manipulation capitalized on previous findings that Stroop interference is typically greater for conflicting color words that are part of the response set than for color words that are not part of the response set (Klein, 1964 ; see also Milham et al., 2001 , for a similar approach). Here, the response set was the four colors in which the words were printed (red, yellow, green, and blue). Thus, for the COL run, one target word list included incongruent color words that were response-eligible colors, such as red in blue ink, in addition to four words closely related to those colors (see the Appendix). 1 The second target word list included incongruent color words that were not part of the response set-that is, response-ineligible colors, such as gray in blue ink (when red, yellow, green, and blue were possible responses).
Word stimuli for the four emotion word lists, the two color word lists, and the six neutral word lists are presented in the Appendix. Emotion words were chosen on the basis of available ratings of arousal and valence . Each neutral word list was matched as closely as possible to one of the emotion or color word lists on concreteness, imageability, familiarity, and word length, on the basis of published norms (Toglia & Battig, 1983) . Neutral words were chosen to be semantically related within each list, just as the emotion words were semantically related within a list. In addition, 12 undergraduates who were not part of the MRI study completed valence and arousal ratings on all the words used in the study. These participants rated each word on a 7-point pleasantness scale, in which 1 = very unpleasant and 7 = very pleasant, and on a 7-point arousal scale, in which 1 = not at all arousing and 7 = highly arousing . Mean valence and arousal ratings for word lists are presented in Table 1 .
Equipment and Acquisition Parameters
Multislice images of the brain were acquired using a 1.5 T GE Signa scanner equipped for echo-planar imaging (EPI). For each run, 370 EPI images were acquired (TR = 1,517 msec, TE = 40 msec, flip angle = 90º). Each EPI image included 15 contiguous slices (slice thickness = 7 mm, in-plane resolution = 3.75 3 3.75 mm), oriented parallel to the AC-PC line. Prior to the EPI acquisition, a 26-slice three-dimensional (3-D) sagittal set (T1-weighted 3-D spoiled gradient echo images) and a T1-weighted set corresponding to the 15 EPI slices were acquired for purposes of anatomical landmark selection and registration of the EPI slices. The head coil was fitted with a bite bar to minimize motion, and stimulus images were presented via a goggle system (Magnetic Resonance Technologies). Prior to data analysis, images in each participant's time series were motion corrected, using the AIR V3.0 algorithm.
Analysis of MR Data
The first six volumes of each run were discarded in order to allow the MR signal to reach steady state. Images in the data series were convolved with a 3-D Gaussian kernel (FWHM = 8 3 8 3 8 mm, kernel width = 7 3 7 mm), temporally denoised using an ID-wavelet transform (visu-shrink, number of levels = 4), and linearly detrended. MEDx V3.4 was used for image processing and statistical analyses.
Data were analyzed via a general linear model approach to identify voxels whose activity covaried in time with aspects of the experimental design (see Milham et al., 2002 , for a similar analysis approach). Model fitting was performed separately for the NEG, POS, and COL runs. For each run, two orthogonal predictors were simultaneously examined. For the NEG and POS runs, the first predictor was constructed to identify areas whose activity was increased by emotion words, regardless of their arousal level, as compared with neutral words (i.e., negative words vs. neutral words for the NEG run, positive words vs. neutral words for the POS run). Thus, for the ABCD design, epochs were weighted 21 1 21 1, and so on. The second predictor for the POS and NEG runs identified voxels whose activity covaried with the arousal level of emotion words. This predictor contrasted high-versus low-arousal emotional words within a run, ignoring neutral words (weightings for the ABCD design were 0 1 0 21, etc.). These same two predictors were implemented for the COL run, with Predictor 1 indexing incongruence (both types of incongruent trials vs. neutrals) and Predictor 2 indexing response eligibility (response-elig ible vs. response-inelig ible incongruent color words). For each predictor, the vector of assigned weights corresponding to the experimental design (e.g., 0 1 0 21, etc.) was convolved with a gamma function prior to the regression, to better approximate the hemodynamic function (Aguirre, Zarahn, & D'Esposito, 1998; Miezin, Maccotta, Ollinger, Petersen, & Buckner, 2000) . In addition, a three-scan lag (4.55 sec) was imposed to account for the lag in the peak hemodynamic response (e.g., Aguirre et al., 1998) . For each participant, maps of beta statistics-that is, maps representing the magnitude of activity associated with each predictor, computed for each voxel-were normalized by conversion to z scores and transformed into a common stereotaxic space (Talairach & Tournoux, 1988) . Then, at each voxel, a one-sample t test tested the null hypothesis that the mean across participants was zero. Resulting t statistics were then converted into z scores for ease of interpretation. A voxel was considered activated (i.e., its activity significantly correlated with the predictor) if the z score resulting from the inferential test was 3.3 ( p < .001, two-tailed, uncorrected). Clusters of activation were defined by a minimum of nine contiguous voxels significantly activated at z 3.3 (see Forman et al., 1995 , for a detailed rationale for using cluster thresholds to reduce false positives). Reported clusters are those that fall within the regions of interest outlined in the introduction: the DLPFC, the ACC, the posterior parietal cortex, and posterior processing areas (the occipital and temporal cortex). Motivated by prior research suggesting a link between emotional processing and activation in the amygdala and the OFC, we also interrogated these areas. However, signal strength in these areas was generally lower due to susceptibility artifacts (Ojemann et al., 1997) , so conclusions regarding the OFC and the amygdala must be made cautiously.
RESULTS

Behavioral Data
Error rates were low overall (less than 3%) and did not differ significantly across word types, so analyses focused on RT measures of performance. Table 2 displays the group mean RTs as a function of run and word type. In each of the three runs, RTs from one individualwere lost due to technical difficulties. Data were analyzed in a similar fashion to the contrasts developed for the imaging data. The first analysis contrasted emotional words to neutral words within the NEG and POS runs, and the second analysis contrasted high-and low-arousal emotional words within a run. None of these contrasts reached significance ( ps > .25), although the means were in the predicted direction. For the COL run, responses were significantly slower to the two types of incongruent color words combined, in contrast to neutral words [t(10) = 3.50, p < .01], but response-eligible and response-ineligible incongruent color words did not differ ( p > .50). Because responses to emotional stimuli may habituate over time (McKenna & Sharma, 1995) and because the experimental design required the repetition of words multiple times during the experiment, differences in RTs to emotional versus neutral words may have been present early in the trial run but then may have diminished over time. Therefore, we examined behavioral data from the first cycle of each word type within the run-that is, the first set of 16 trials for each word type. RTs for high-arousal words were slower than those for matched neutral words in the NEG run [Ms = 748 vs. 695 msec; t(10) = 2.55, p < .05] but were only marginally slower in the POS run [Ms = 777 vs. 714 msec; t(10) = 1.87, p = .09]. In contrast, RTs for the first set of low-arousal emotional words did not differ from those for matched neutral words in either the NEG or the POS run ( ps > .60). These analyses indicate that the negative high-arousal emotional words produced behavioral interference early in the trial run, although that effect diminished as the participants became more proficient at ignoring the repeated emotional words. The imaging data were not analyzed separately for each cycle, because statistical power would be too limited for meaningful analyses.
Although analyses of the RT data indicate that the emotional Stroop effect was not significant overall in this sample, this null finding is likely due to the small sample size. Results from a recent behavioral study of the emotional Stroop effect (Koven, Heller, Banich, & Miller, in press) confirmed the small but reliable interference effects from emotional words. The experimental Tables 3, 4 , and 5 list the clusters of significantly increased activity for color-incongruent versus neutral words, emotion words versus neutral words, and higharousal versus low-arousal emotion words, respectively. The results are presented below in relationship to regions of a priori interest. Figure 2 , an area of the left DLPFC (BA 9) displayed increased activity across four of the contrasts examined: for incongruent color words versus neutral words (Figure 2A ), for response-eligible incongruent color words versus response-ineligible color words ( Figure 2B ), for negative versus neutral words ( Figure 2C ), and for high-arousal versus low-arousal negative words ( Figure 2D ). What is common to all of these contrasts is that they compare a more attentionally demanding condition with a less attentionally demanding condition: Incongruent words introduce conflicting information, as compared with neutral words; responseeligible words conflict at both response and nonresponse levels, whereas response-ineligible words engender conflict only at nonresponse levels; negative words are more likely to capture attention than are neutral words; and high-arousal words are more likely to capture attention than are low-arousal words. The right-DLPFC region also showed increased activity for negative high-arousal versus low-arousal words ( Figure 2D ). Contrasts involving positive emotion words revealed no significantly increased activity in the DLPFC. Consistent with prior work (Banich, Milham, Atchley, Cohen, Webb, Wszalek, Kramer, Liang, Barad, et al., 2000; Banich, Milham, Atchley, Cohen, Webb, Wszalek, Kramer, Liang, Wright, et al., 2000; Milham et al., 2001) , the DLPFC appears to be more engaged in conditions in which it is more difficult to ignore task-irrelevant information.
Imaging Data
DLPFC. As is illustrated in
OFC. As was mentioned previously, interrogation of the medial OFC was limited by susceptibility artifacts, with substantially lower signal strength observed in this region, as compared with the DLPFC. However, in the left lateral OFC (BA 10/11), activity was significantly increased in response to negative words versus neutral words (see Table 4 ). No clusters of OFC activation in any of the other conditions met the criteria for significance. However, it should be noted that a small area of activation was observed in the left lateral OFC (x = 236, y = 48; z = 24; peak z score = 3.3, cluster size < 9) in the contrast of incongruent color words versus neutral words, indicating that this region may not only be responsive to emotional stimuli. As will be discussed in more detail in the Discussion section, this region may be especially important for inhibiting salient responses.
ACC/medial frontal lobe. No contrasts produced significant increases in activity within the ACC proper. However, three of the emotion conditions produced increased activity in medial frontal regions just dorsal to the ACC (BA 6). Activity in this region was significantly increased for negative versus neutral words (Table 4) , negative high-arousal versus negative low-arousal words (Table 5) , and positive high-arousal versus positive low- arousal words (Table 5 ). Increased activity in this region did not reach significance for the color-incongruent words, as compared with neutral words, but there was subthreshold activity (e.g., x = 0, y = 17, z = 47; z score = 2.8, p = .005, uncorrected). Parietal cortex. Consistent with prior studies, incongruent color words produced a large area of increased activity in the left superior parietal lobe (BAs 7, 40) when compared with neutral words (see Table 3 and Figure 3) . This region also showed increased activity when response-eligible versus response-ineligible color words were compared (Table 3) . Activity in this region of the superior parietal was not increased for any of the emotion conditions. Instead, negative emotion words resulted in increased activity in the bilateral inferior parietal lobe, as well as in the left supramarginal gyrus (see Table 4 ). High-arousal negative words, as compared with low-arousal negative words, also elicited increased activity in the left inferior and the right superior parietal lobes (Table 5) . Contrasts involving positive words did not produce any significant effects in the parietal regions. Occipito-temporal cortex. In contrast to the greater involvement of parietal regions for the color-word Stroop task, the emotion word Stroop task revealed greater involvement of bilateral occipito-temporal regions (see Figure 3) . Color-incongruent words produced only a small cluster of increased activity, as compared with neutral words, in the left middle occipital gyrus (BA 18; Table 3 ). Negative emotion words, as compared with neutral words, produced increased activity in the right fusiform gyrus (BA 19) and in the bilateral superior temporal gyrus (BA 19/22; Table 4 ). Furthermore, when negative high-arousal words were compared with negative low-arousal words, activity was increased in the cuneus (BA 17), the right lingual gyrus (BA18), and the right middle temporal gyrus (BA 21; Table 5 and Figure 4) . Contrasts involving positive words did not produce any significant clusters of activation in occipitotemporal regions. Thus, activity in both parietal and occipito-temporal regions was affected differently by the color-word and the emotional Stroop tasks.
Areas of deactivation. Patterns of deactivation for the contrasts of color-incongruent versus neutral, negative versus neutral, and positive versus neutral words were also examined. Clusters of deactivation were defined by a minimum of nine contiguous voxels with a z score threshold of £23.3.The clusters are listed in Table 6 . As can be seen in Table 6 and Figure 5 , the three conditions each resulted in significant clusters of deactivation in different parts of the ventral processing stream. For color-incongruent words, activity was significantly decreased, as compared with neutral words, in the bilateral parahippocampal gyrus (BA 30), and the left superior temporal gyrus (BA 22). For negative emotion words, as compared with neutral words, activity in the right amygdaloid region was significantly decreased. Finally, for positive emotion words, as compared with neutral words, activity was decreased throughout large bilateral regions of the occipito-temporal cortex (BAs 17, 18, and 19) . Contrasts between negative high-arousal and negative low-arousal words and between positive high-arousal and positive low-arousal words produced no significant clusters of deactivation.
DISCUSSION
In this experiment, we examined the extent to which neural systems that support selective attention are sensitive to the emotional nature of task-irrelevant informa- tion. The results revealed that activity increased in overlapping DLPFC regions in response to both incongruent color words and negative emotional words, supporting the notion that these regions are involved in sustaining selective attention in the presence of salient distractors. In posterior regions, the color-word and negative word Stroop tasks differed in areas of both activation and deactivation, reflecting the different regions involved in processing emotional versus nonemotional word meaning. Together, these results imply that attention to emotional information draws on a network of regions acting in concert to maintain attentional set on task-relevant aspects of the stimuli while inhibiting responses to salient but task-irrelevant emotional signals.
Anterior Regions
The results indicate that the left DLPFC is involved in maintaining attentional set whether or not the challenging task-irrelevant information is emotional. The left DLPFC was more active during the selective attention task when distractors were salient nonemotional words, such as conflicting color words, as well as when they were negative emotional words. Furthermore, the DLPFC was sensitive to the manipulations of intensity within each of these categories, showing greater activity for high-arousal negative words (e.g., danger) than for low-arousal negative words (e.g., sad) and also showing greater activity for response-eligible incongruent color words (e.g., blue) than for response-ineligible color words (e.g., gray). These findings imply that a common system of selective attention is engaged when the task requires that one aspect of a stimulus (its color) be attended and another salient aspect (word meaning) be ignored (Banich, Milham, Atchley, Cohen, Webb, Wszalek, Kramer, Liang, Barad, et al., 2000; Banich, Milham, Atchley, Cohen, Webb, Wszalek, Kramer, Liang, Wright, et al., 2000) . Maintaining attention on the color dimension of the stimulus was more challenging for both incongruent color words and high-arousal negative words than for neutral or low-arousal words. This is supported by the fact that RTs were significantly slower to incongruent trials throughout the run and to high-arousal negative words early in the run, as compared with matched neutral words. In contrast, DLPFC activity was not increased for positive emotional words, which produced no significant behavioral interference either throughout the run or at the beginning of the run. Thus, activity in the DLPFC was increased only when the challenge to remain focused on the color dimension was also increased.
Data from a separate control condition for the present study reinforced the conclusion that DLPFC activity is modulated by attentional demands in this paradigm, NEGATIVE HIGH AROUSAL vs. NEGATIVE LOW AROUSAL x = 54 specifically by the demand to ignore salient information, such as emotional or color-incongruent words. In that experiment, we asked participants to make word -nonword judgments about the same stimuli as those that we presented in the present study. The lexical decision did not require selective attention, because it did not require the participants to ignore the salient word meaning information. Under these circumstances, activity in the DLPFC was not modulated by word type, as it was in the emotional Stroop paradigm. These data further support the interpretation that the modulation of DLPFC activity in the present study is due to the increased attentional demands imposed by attempting to ignore salient words.
Activity in the left lateral OFC was increased for negative emotion words, as compared with neutral words, corresponding with neuropsychological, anatomical, and other neuroimaging f indings indicating that OFC regions play an important role in emotional processing (e.g., Barbas, 2000; Critchley et al., 2000; Damasio, 1995; Elliott, Frith, & Dolan, 1997) . Recently, researchers have identified functional distinctionsbetween lateral and medial OFC regions. For example, Elliott, Dolan, and Frith (2000) argued that the medial OFC is more involved in maintaining reward incentives in mind, whereas the lateral OFC is more involved in inhibiting prepotent responses (see also Nobre, Coull, Frith, & Mesulam, 1999;  O'Doherty, Kringelbach, Rolls, Hornak, & Andrews, 2001) . The emotional Stroop conditions in the present study required inhibiting emotional information, and OFC activation was localized in the lateral region, consistent with the proposal that this region is involved in inhibition. However, because we noted subthreshold activation in this region for the color-word Stroop as well, the present data do not permit a strong attribution of an emotional versus a cognitive function to this region. Rather, the OFC may be involved in inhibition of responses regardless of whether those responses are emotional or nonemotional. The present data cannot directly address earlier proposals that the ACC is divided into emotional versus cognitive sectors (Bush et al., 2000; Drevets & Raichle, 1998; Whalen et al., 1998) , because activity in the ACC proper was not significantly influenced by any of the conditions in the present study. Although Stroop tasks often modulate activity in the ACC (e.g., Banich et al., 2001; Carter et al., 1995; Pardo et al., 1990) , the present experimental design was longer and involved more conditions than did previous studies, perhaps introducing practice effects or alternative strategies that lessened the involvement of the ACC (e.g., Bush et al., 1998 ; see also Taylor, Kornblum, Lauber, Minoshima, & Koeppe, 1997) . A recent study performed in our laboratory showed a significant reduction in ACC activity over the first, middle, and last thirds of trials in a Stroop task in which interference had been engendered through training. In this task, individuals were taught to associate color names with previously unfamiliar shapes. For the first third of the run, ACC activity was greater for items shown in colors incongruent with their newly learned names (e.g., the shape named blue shown in yellow) than for items shown in white, a color not associated with any shape. By the last third of the run, there was evidence of deactivation of the ACC (Milham, Banich, Claus, & Cohen, 2003) . These recent data support the notion that ACC activation may be especially susceptible to practice effects (e.g., Bush et al., 1998) . In addition, the present study involved blocks of 100% incongruent trials, whereas prior studies (e.g., Banich, Milham, Atchley, Cohen, Webb, Wszalek, Kramer, Liang, Wright, et al., 2000; Banich et al., 2001) presented incongruent trials mixed with neutral trials. Because incongruent Stroop trials are more difficult when their frequency is lower (MacLeod, 1991) , incongruent trials could, therefore, elicit greater ACC activity in intermixed conditions than in the 100% blocks used in the present study. Supporting this idea, another recent study in our laboratory demonstrated greater activity of the ACC for trials that were lower rather than higher in frequency of occurrence (Milham, Banich, & Barad, in press ).
Nevertheless, three of the emotion contrasts highlighted activity in the supplementary motor area dorsal to the ACC, a region that also showed subthreshold activity in the color-word Stroop in the present study and in our prior studies. These findings are consistent with current theorizing that dorsal medial prefrontal regions may be involved in selecting a behavioral response, a function that may be taxed by both color-conflicting words and emotionally salient words (Braver, Barch, Gray, Molfese, & Snyder, 2001; Milham et al., 2001) . In studies of emotion, the medial frontal cortex has been implicated in attending to internal emotional states (Lane, Fink, Chau, & Dolan, 1997) , generating emotional responses to pictures (Teasdale et al., 1999) , and generating emotional plans (Partiot, Grafman, Sadato, Wachs, & Hallett, 1995) . These apparently diverse functions have in common the selection of behavioral responses in situations in which multiple competing actions are possible. Because emotions are often conceived of as facilitating actions (e.g., Lang et al., 1990) , it is logical that regions of the brain involved in action selection would be engaged when an individual must select between emotion-based action preparation (i.e., behavioral response to danger signals) and taskrelevant responses (i.e., response to an ink color).
Posterior Regions
Posterior brain regions were differently affected by the emotional versus color-word Stroop tasks, as reflected both in patterns of increased activity and in patterns of decreased activity. Whereas the color-word task increased activity in a wide swath of the left superior parietal cortex, replicating prior findings (e.g., Banich et al., 2001) , activity in this region was not modulated by any of the emotion word tasks. Instead, negative emotion words produced greater bilateral activity in occipitotemporal regions, extending prior reports of increased activity in visual-processing areas when participants view emotional pictures (Lane et al., 1999; Lane, Reiman, et al., 1997; Lang et al., 1998) . The greater involvement of right occipito-temporal regions, especially in response to the high-arousal versus the low-arousal negative words, is consistent with the notion that the right hemisphere serves an emotional surveillance function that is especially sensitive to signals of threat (Nitschke et al., 2000) . Since a similar pattern of right posterior activity was not observed for positive high-arousal words, it appears that it is the specific combination of negative valence and high arousal, and not high arousal alone, that facilitates activity in this region. This increased right posterior activity provides a mechanism for enhanced right-hemisphere performance in response to threatening information, as has been reported in previous divided visual field studies (e.g., Compton et al., 2000; Van Strien & Heijt, 1995; Van Strien & Morpurgo, 1992) . Furthermore, the fact that right frontal regions were also differentially activated by negative high arousal versus negative low-arousal words suggests that the right hemisphere's emotional surveillance system may be distributed throughout both anterior and posterior regions. Alternatively, the right frontal finding can be interpreted as supporting the proposal that activity in that region is associated with unpleasant emotion (e.g., Davidson, 1995; Heller, 1993) .
Finally, results revealed that the color-word and emotional Stroop tasks differed in posterior regions of deac-tivation. The difference between tasks in the areas of decreased activity fits with the notion that although both color-word and emotional Stroop tasks require an attentional set to be established, the tasks differ in the nature of the representations that need to be ignored or suppressed. That is, in the color-word Stroop, participants must inhibit representations of the meaning of color-word information, whereas in the emotional Stroop, participants must inhibit representations of emotional meaning.
For the color-word task, the bilateral deactivation in the parahippocampal regions, which we have also observed in prior color-word Stroop studies (Banich & Milham, unpublished observations) , may be linked to the binding function served by the hippocampal system. Prior work indicates that this system is crucial in binding together or associating information in distinct cortical processing streams (Cohen & Eichenbaum, 1993; O'Reilly & Rudy, 2000) . We propose that for incongruent trials in the color-word Stroop task, binding together of the ink color and the conflicting word meaning is especially detrimental to performance and, therefore, must be inhibited, resulting in deactivation of the hippocampal system.
In contrast, the finding of reduced activity in the periamygdaloid region in response to negative words, as compared with neutral words, suggests that ignoring irrelevant negative information involves inhibiting the amygdala or associated regions. This finding at first appears inconsistent with a prior report of increased amygdala activation during an emotional Stroop task (Isenberg et al., 1999) . However, the two studies differed in methodological details that may account for the apparently discrepant findings. Isenberg et al.'s study involved 80 different negative words, whereas the present study involved a set of 16 negative words that were each repeated four times. The number of unique emotion words in the present study was constrained by the goal of making the emotional Stroop directly comparable with the color-word Stroop task, which is limited to a small set of color words. As a result, the repetition of negative emotion words throughout the series of trials may have made it easier for the participants to inhibit the amygdala's response to those words, as compared with Isenberg et al.'s study, in which each item was novel. This explanation is particularly likely given evidence that the amygdala habituates rapidly (e.g., Breiter et al., 1996) . The present results indicate that deactivation of the amygdala in the face of irrelevant threats may be a crucial mechanism of emotional regulation, consistent with recent findings from other paradigms (Beauregard, Levesque, & Bourouin, 2001; O'Reardon et al., 2003; Schaefer et al., 2002) .
Role of Emotional Valence and Arousal
Consistent with the notion that negative emotional information is more salient than positive emotional information, reliable increases in activity in attentional networks were observed when the participants had to ignore negative emotional information, but not when the participants had to ignore positive information, even when the mean arousal levels of positive and negative words were equated on the basis of pilot ratings. In fact, for positive emotional words, activity actually decreased in the DLPFC and the ventral visual processing stream, as compared with neutral words. Within the category of negative words, high-arousal words (e.g., danger) produced greater activity than did low-arousal words (e.g., sad ) in the DLPFC and in occipito-temporal regions.
These f indings support the notion that signals of threat are especially attentionally demanding, even in comparison with other emotional stimuli. Indeed, negatively and positively valenced cues may differ in their functional significance for the organism. Threats of danger are likely to call for immediate redirection of attention (e.g., Öhman, 1997) , whereas positive emotional cues may elicit a broaden-and-build strategy that does not involvea selective focusing of attention (e.g., Fredrickson, 1998) . The environmental context of the scanning session, which was novel and strange for most participants, may also have increased the emotional relevance of words such as danger and fear more than that of positive words such as romantic or comfort, potentially magnifying the effects of emotional valence and arousal level on the results.
Limitations
Although the predictions from our theoretical framework yielded many significant findings, the results have some limitations. Most notably, the emotional Stroop task did not produce the same degree of behavioral interference as did the color-word Stroop, limiting the comparison between the two tasks (see Whalen et al., 1998 , for similar results). However, the absence of a large behavioral difference between negative and neutral words (except for early in the trial run) can be interpreted in a positive light, particularly when considered together with the substantial neural activity differences between negative and neutral words-namely, that the neural regions whose activity is increased during negative versus neutral word conditions are the regions that are working to maintain effective cognitive performance in the face of emotionally salient distractors. Thus, the brain-imaging data can provide a window onto internal mental processes that are not reflected in RT.
To extend these findings, future studies should examine clinical samples, such as individuals with generalized anxiety disorder or posttraumatic stress disorder, who are likely to exhibit much larger behavioral interference on the emotional Stroop task than did the nonclinical sample in the present study (Williams et al., 1996) . Such comparisons can contrast the brain areas involved in effective coping with emotional distractors, as in the present study, to brain areas in anxious individuals who are not effectively coping with such distractors.
Summary
The present data support the notion that the degree to which cognition and emotion involve similar or different brain regions depends on the degree to which they involve similar or different processing components. Tasks classified as cognitive and emotional may draw upon overlapping brain regions when they share common processing components, such as the need to maintain attention on one aspect of a stimulus while ignoring another salient dimension. In the present study, ignoring distractors in a Stroop paradigm engaged anterior attentional regions, such as the DLPFC and the medial prefrontal cortex, regardless of whether the task involved emotional or nonemotional distractors. On the other hand, distinct processing components in each task appear to recruit activity in distinct brain regions. The emotional Stroop task engaged right posterior regions involved in threat perception that were not recruited by the color-word Stroop task. An emphasis on the component processes underlying task performance may thus help to clarify the neuroanatomical circuits involved in cognitive and emotional processing and their relationship to each other (e.g., whether they are reciprocal or integral). An intriguing avenue for future research will be to examine how activity within these circuits is altered in individuals who have difficulty in emotional regulation.
